see also Hurlbert and Potter (1954) , Hecht and Potter (1956) , and Fig. 1 below) , the injected label would be almost entirely present as nucleotide uracil (with only a trace in cytosine)-mainly in acid-soluble uridine nucleotides and in nuclear RNA, but with a measurable amount in cytoplasmic RNA. Under these conditions, much information can be gained without the use of different time intervals.
Tissue fractions.-For the study of RNA, differential centrifugation was performed as described in the preceding paper (Reid and Lotz, 1958) , to give nuclear, mitochondrial, microsomal and supernatant fractions. In a few experiments (Table I) , supernatant fractions were further centrifuged to sediment an " ultracentrifugal fraction" (Reid et al., 1956) . The " nuclear" fraction, sedimented at 600 g, contained some unbroken cells, but its radioactivity was substantially attributable to nuclear RNA, the labelling of which was high in relation to cytoplasmic RNA at the time interval chosen. Each fraction was freed from acidsoluble constituents, defatted, dried, weighed, ground, and counted at infinite thickness as in previous experiments (Reid et al., 1956; Reid and Stevens, 1957) .
For the determination of the total radioactivity of the acid-soluble constituents, the supernatant fluid (" acid-soluble fraction ") obtained on adding perchloric acid to the supernatant fraction and centrifuging was neutralized with KOH solution, centrifuged to remove KC104, and plated at infinite thinness on duralumin planchets (Reid and Stevens, 1958) . The content of RNA in defatted tissue fractions was determined by measuring the extinction of acidified alkaline digests (Reid et al., 1956) . In a few experiments, " polymerized " RNA (Lowe, 1955) was isolated from supernatant fractions according to Stevens and Reid (1956) before the removal of acid-soluble and lipid constituents.
Acid-soluble nucleotides.-Solutions of the uridine nucleotides isolated as described in the preceding paper (Reid and Lotz, 1958) were plated on duralumin planchets, and counted at infinite thinness to furnish values for specific radioactivity.
RESULTS
Yield of defatted material.-In Table I , experimental rats have been compared with their controls with respect to the yield of solid (mainly protein) obtained from the tissue fractions after removal of acid-soluble and lipid constituents prior to counting. Hepatomas showed a marked decrease in microsomal solid; with the mitochondrial and supernatant fraction the decreases were not significant. Precancerous liver showed decreases in yield with the " nuclear " fraction (containing unbroken cells as well as nuclei) and with the mitochondrial fraction.
Level of RNA.-Hepatomas showed a marked and consistent fall in microsomal RNA, although not in the " ultramicrosomal " RNA of the ultracentrifugal fraction (Table I ). The RNA of the " nuclear " fraction showed an increase which was, however, insignificant. Precancerous liver showed decreased amounts of RNA in the nuclear, mitochondrial and microsomal fractions. Here it should be pointed out that contaminating RNA from other cell elements may be present not only in the nuclear fraction, as already mentioned, but also in the mitochondrial fraction (Birbeck and Reid, 1956; Harel, Jacob and Moule, 1957) . It should also be noted that supernatant-fraction RNA (some of which could be sedimented in the ultracentrifuge) formed a high proportion of the cytoplasmic RNA because, as Reid and Stevens (1957, 1958) have discussed, it was considered advantageous to use a relatively low gravitational force in sedimenting the microsomal fraction. Table I ) on supernatant fractions for " polymerized " RNA, which under some circumstances may change disproportionately with " total " RNA (Lowe, 1955) , gave no evidence of abnormal values in hepatomas or precancerous liver. The values are calculated as mg./g. original tissue. The standard error is given after each mean difference; the number of degrees of freedom, and the probability that the difference could be due to chance (if < 10 per cent), are given parenthetically. Recovery of label in RNA after injection of [6-14C] orotic acid.-Considerable variations in the extent of labelling of RNA may occur even with normal liver (Hurlbert and Potter, 1954) . To minimize the effect of such variations, the recoveries for each rat have been expressed relative to the recovery in the acidsoluble fraction (containing labelled precursors of RNA) from the same tissue sample. Some difference in behaviour (absorption rate ?) was encountered be- tween two batches of orotic acid: the recoveries in RNA were higher with the batch used in the study of hepatomas than with that used in the studies on precancerous liver (as is evident from the values for control rats in Fig. 1 ). Fig. 1 shows that the labelling of RNA, relative to that of the acid-soluble fraction, tended to be high with hepatomas, notably in the nuclear fraction, the whole cytoplasmic fraction and the supematant fraction derived therefrom. The converse was found with precancerous liver. 
E. REID
Closer analysis of RNA labelling data.-The reference point in Fig. 1 being the acid-soluble fraction, in which much of the label was still present at the time of autopsy, changes in RNA labelling connote changes in actual rates of RNA synthesis from the acid-soluble precursor if, and only if, the amount of radioactivity in the whole acid-soluble fraction truly reflects the specific radioactivity of the actual precursor. Some data bearing on this question were obtained in a few experiments (as reported below) in which nucleotide analyses were performed , per unit specific radioactivity of uridine diphosphate isolated from the same tissue samples (pooled tissue from 2 rats), in tissue fractions from precancerous liver, hepatomas or liver distant from tumours. For the hepatomas, the lower dot in each case corresponds to one experiment, and the higher dot to a second experiment.
with pooled tissue samples from pairs of rats (the study of individual rats being impracticable). Taking as the reference substance uridine diphosphate, provisionally assumed to be the actual precursor of RNA (Grunberg-Manago, Oritz and Ochoa, 1955; Herbert, Hecht and Potter, 1957 ; see also Discussion), the changes in RNA labelling ( Fig. 2) are somewhat different from those shown in Fig. 1 , because experimental and control rats did not in fact show constancy in the ratio of the specific activity of this nucleotide to the labelling of the whole acid-soluble fraction.
This ratio was below the control value for one pair of hepatomas (and for precancerous liver or liver distant from tumours) and above the control value for the other pair of hepatomas studied. It appears then, from the data for hepatomas (Fig. 2 ) that the conclusion suggested by Fig. 1 (a) that there is increased synthesis of nuclear-and supernatant-fraction RNA must be treated with reserve, at least as regards the nuclear fraction. It further appears that the conclusion suggested by Fig. 1 (a) Barnum, Huseby and Vermund, 1953; Reid and Stevens, 1957, 1958) . The values for microsomal RNA in hepatomas (Fig. 2) should therefore be considered in relation to the specific activities of nuclear-and supernatant-fraction RNA. The values shown in Fig. 2 for the recovery of label in the latter fractions are a valid measure of specific activity, the amounts of RNA in these fractions being essentially normal in the experimental rats here studied;
since these values were increased (except that for nuclear RNA in one pair of hepatomas), it appears likely that there is decreased rather than increased synthesis of microsomal RNA.
Labelling of acid-soluble nucleotides.-Not only uridine diphosphate, but also other uridine nucleotides in the acid-soluble fraction were analysed for amount (Reid and Lotz, 1958) and for specific radioactivity. To assist in the interpretation of the data, the values for precancerous liver ( Fig. 3 (a) ) are plotted relative to those for uridine diphosphate, since the amount of this nucleotide in precancerous liver was essentially normal (Reid and Lotz, 1958 (Leloir, 1956) , the results given below can be interpreted only tentatively.
In contrast with uridine diphosphate, uridine monophosphate and uridine diphosphate-acetylglucosamine were shown in Fig. 1 of the preceding paper (Reid and Lotz, 1958) to be increased in amount in precancerous liver (23 days of dye feeding). That their rate of synthesis may indeed be increased is suggested by the further finding, shown in Fig. 3 (a) , that their specific activities were high relative to uridine diphosphate. Fig. 3 (a) , considered in conjunction with Fig. 1 in the paper of Reid and Lotz (1958) , further suggests that the rate of synthesis may be increased with uridine diphosphate-glucuronic acid, but somewhat. decreased with uridine diphosphate-glucose.
With hepatomas, uridine diphosphate-glucose was taken as the reference substance, since its level was essentially normal whereas that of uridine diphosphate was increased (Reid and Lotz, 1958) . Although the level of the latter nucleotide was increased by about 50 per cent, its specific radioactivity as expressed in Fig. E. REID apparently normal values obtained for specific radioactivity (Fig. 3 (b) ). On the other hand, uridine diphosphate-glucuronic acid is decreased in amount, with no increase in its specific radioactivity; here it appears that the rate of synthesis may in fact be decreased. The results for nucleotides in liver distant from tumours are also related to those for uridine diphosphate-glucose, since its level was normal this tissue, as in the hepatomas. As with hepatomas, it can be argued from Fig. 3 (b) increase in the amount of uridine diphosphate (Reid and Lotz, 1958) is not attributable to an increase in rate of synthesis. The levels of other uridine nucleotides were essentially normal in liver distant from tumours, and the radioactivity values were also normal except for uridine triphosphate. Free uracil or uridine, such as might arise from the catabolism of uridine nucleotides, is not adsorbed on the resin used for chromatography of the acidsoluble fraction, and it is reasonable to suppose that any radioactivity in the nonadsorbed material is largely attributable to one or both of these compounds. Analyses on the non-adsorbed fraction (not given in Fig. 3) showed that with hepatomas, although not with liver distant from these, there was a three-fold increase in the amount of radioactivity, relative to that in uridine diphosphateglucose. Interpretation of this finding must await further study.
INCORPORATION OF OROTIC ACID DISCUSSION
The apparent changes in yield of defatted material (Fig. 1) , this material being mainly protein, are essentially in accord with published observations on the levels of protein in particulate and supernatant fractions during carcinogenesis (Price, Miller, Miller and Weber, 1950; Schneider, Hogeboom, Shelton and Striebich, 1953; Reid and O'Neal, 1956; Petermann, Mizen and Hamilton, 1956; Allard, de Lamirande and Cantero, 1957, cf. Grant and Rees, 1958) . Direct comparisons with published work are, however, difficult because of differences in technique and especially in centrifugation conditions.
The same difficulty applies in considering the values for RNA levels, which (for reasons already indicated) were relatively high in the " nuclear " and supernatant fractions as now prepared. Changes in RNA levels during azo-dye carcinogenesis have been reported from a number of laboratories. Thus, Price et al. (1950) found decreased amounts of RNA in mitochondrial and microsomal fractions and somewhat increased amounts in nuclear and supernatant fractions, with rats fed 3'-methyl-4-dimethylaminoazobenzene for four weeks. Similar decreases in RNA were found with mitochondrial fractions by Schneider et al. (1953) and by Cunningham, Griffin and Luck (1950) , and with microsomal fractions by Fiala, Fiala and Sproul (1957) who also found a rise in supernatantfraction RNA at a later stage of dye feeding. The fall in cytoplasmic basophilia observed in cytological studies (Opie, 1946; Spain, 1956 ) is in accordance with the reported initial fall in microsomal RNA. In the present study, however, precancerous liver showed only small decreases in the RNA of mitochondrial and microsomal fractions, and there were no increases in the RNA of nuclear or supernatant fractions except perhaps, with the latter fraction, after 38 days of dye feeding.
There are few reports on RNA levels in fractions from primary liver tumours. With hepatomas induced by 2-acetylaminofluorene, there may be an increase in nuclearRNA relative to cytoplasmic RNA (Rutman, Cantarow and Paschkis, 1954) but, in apparent disagreement with the present results, no marked decrease in microsomal RNA (Laird and Miller, 1953) . Of greatest relevance to the present findings is the report by Peterman et al. (1956) on the ribonucleoprotein particles which form one constituent of microsomal fractions. These particles were not markedly diminished in amount (per gramme of tissue) in hepatomas, whereas a marked fallhas now been observed with the RNA of the whole microsomal fraction as now prepared. There is evidence to suggest that microsomal fractions contain different types of RNA, possibly with different loci in the microsomal structure (Kuff and Hogeboom, 1956; Chauveau, Moul6 and Rouiller, 1957; Reid and Stevens, 1958) , and it is possible that the decrease found with hepatomas is confined to RNA other than that located in the ribonucleoprotein particles.
There are many pitfalls in the interpretation of isotopic incorporation experiments in terms of changes in rate of synthesis. Determination of the labelling of RNA is not informative unless the precursor pool is also studied. With hepatomas, there is relatively poor absorption of injected precursors (Zamecnik, Loftfield, Stephenson and Steele, 1951) ; indeed in Zamecnik's laboratory no detectable labelling was found in the acid-soluble fraction of RNA or hepatomas, in contrast with normal liver, when orotic acid was given at doses of the order of 2,uc (Scott, 1957, personal communication With the radioactivity of the whole acid-soluble fraction as the basis for assessing RNA radioactivity, it appeared that RNA synthesis in the nuclear and supernatant fractions was high in hepatomas, although low in " precancerous " liver (Fig. 3) . Closer study in a few experiments, with the radioactivity of the supposed precursor (uridine diphosphate) as the basis of comparison, substantiated these tentative conclusions with hepatomas (at least for the supernatant fraction) but not with precancerous liver. Admittedly it is not certain that uridine diphosphate is the acid-soluble precursor of nuclear and supernatant RNA. If the precursor were uridine triphosphate (Edmond and Abrams, 1957; Reid and Stevens, 1958) , the argument concerning hepatomas is not invalidated since, as was shown in Fig 3 (b) , the specific activity of the triphosphate parallels that of the diphosphate.
As is argued in the Results section, the rate of synthesis of microsomal RNA in hepatomas may be decreased, rather than increased as superficial inspection of Fig. 1 (Reid and Stevens, 1957, 1958) and also of the nuclear fraction (Logan and Davidson, 1957;  Allfrey and Mirsky, 1957 Griffin, 1955) , there was no increase in nuclear RNA labelling with precancerous liver. In other experiments with phosphate (Brues, Tracy and Cohn, 1944; Albert and Johnson, 1954; Daoust and Cantero, 1955; Grant and Rees, 1958) (Hurlbert and Potter, 1954) ; uracil itself is poorly utilized by normal liver, although it is utilized to some extent by precancerous liver or hepatomas (Rutman, Cantarow and Paschkis, 1954) .
The data for the labelling of different uridine nucleotides in the acid-soluble fraction have been discussed above in relation to changes in the levels of these nucleotides. Daoust and Cantero (1955) studied the labelling of constituents of the acid-soluble fraction from liver tumours (mixed hepatoma and cholangioma), after injection of labelled phosphate; but their results are difficult to compare with those now reported, particularly since their chromatographic methods for separation of nucleotides were less satisfactory than those now available.
SUMMARY
The amounts of ribonucleic acid (RNA) and of fat-free tissue solid (essentially protein) were determined in tissue fractions from rats fed 3'-methyl-4-dimethylaminoazobenzene so as to furnish hepatomas, liver distant from tumours, and (with brief dye-feeding) " precancerous " liver. Hepatomas showed a marked fall in microsomal RNA and solid, whereas precancerous liver showed decreases in the RNA andl solids of the nuclear and mitochondrial fractions and also in microsomal RNA.
With these tissues, a study was made of the labelling of RNA and of acidsoluble nucleotides after injection of labelled orotic acid. The labelling of RNA, in comparison with that of the whole acid-soluble fraction, was low for nuclear and supernatant fractions with precancerous liver and high with hepatomas. More detailed results obtained in a few experiments suggest (but do not prove) that with hepatomas the rate of synthesis of RNA from the supposed immediate precursor is increased in supernatant (and possibly nuclear) fractions but decreased in the microsomal fraction. Data for the labelling of various uridine nucleotides are discussed in relation to the changes in their levels reported in the preceding paper (Reid and Lotz, 1958) .
